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Suckling stimulation and milk removal are 
important in maintenance of mammary struc- 
ture and milk synthesis during lactation. 
Adjusting litter size of rats on the third day 
of lactation to six pups per six (6/6) intact 
abdorninal-inguinal mammary glands caused 
significant progressive increases in mammary 
deoxyribonucleic acid (DNA) content to day 
16 and in ribonucleic acid (RNA) to day 20 
of lactation (1).  However, the 6/6 suckling 
intensity of the original litter was not suffici- 
ently strong to prevent eventual declines in 
both DNA and RNA (1). Fostering litters of 
rats has been used to extend lactation beyond 
its normal length (2,3), but maintenance of 
maximal milk secretion rates has not been 
achieved. Possible ways of providing a maxi- 
mal nursing stimulus for maintenance of 
lactation which have not been investigated in 
previous studies are: frequent replacement of 
litters; use of litters 12 to 16 days of age 
(when nursing intensity is greatest) ; and 
maintenance of at  least one pup per mam- 
mary gland. The objective of this experiment 
was to determine if intensive nursing would 
maintain mammary cell numbers (DNA) and 
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secretory activity (RNA, RNA/DNA, and 
litter weight gain) during an extended lacta- 
tion. A second objective was to relate changes 
in mammary cell numbers and synthetic 
activity with prolactin and adrenocorticotrop- 
ic hormone (ACTH) contents in the pitui- 
tary, two hormones that have been impli- 
cated in regulation of lactation (4).  

Materials and Methods. On the third day 
of lactation thoracic teats of 48 Sprague- 
Dawley rats were ligated, litter size adjusted 
to 6 pups, and mother rats assigned to one of 
four groups to be killed either on day 16, 20, 
28, or 36 of lactation. Both 16-day-old origi- 
nal litters and foster litters were replaced 
every 4 days with 12-day-old foster litters. 
Cumulative litter weight gains were recorded 
between days 13 and 16 of age for all litters. 
Final body weights of lactating rats were 
recorded at  time of killing, and nucleic acid 
content determined on 6 abdominal-inguinal 
mammary glands as previously described ( 5 ) .  

Twelve anterior pituitaries were collected 
from each of 2 additional groups of rats killed 
on either day 20 or 36 of lactation. Prolactin 
potency of the 12 pooled pituitaries of each 
group was estimated by the method of Reece 
and Turner (6) .  The ACTH potency of the 2 
groups of pituitaries was determined by the 
method of Saffran and Schally ( 7 ) .  Prolactin 
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TABLE I. Nucleic Acid Contciit of Mammary Glands and Litter Weight Gain of Intensely" 
Suckled Rats during Extended Lactation. 

Days of lactationbo 

16 20 28 36 

Body wt. (gni) 242 k 5.2 253 k 6.0 259 i- 2.8 273 2 3.8 
Fresh glaiid wt. (gin) 12.00 k .68 12.94 k .56 10.62 k .41 11.16 2 .42 
Total DNA (mg) 36.2 & 1.4 37.2 & 1.2 32.0 i- .9 27.0 k .2 
Total RNA (mg) 206.7 & 8.9 226.5 & 9.9 154.4 k 1 9 . 9  104.3 2 6.2 
RNA/I)N A 5.7 * .l 6.1 2 .l 4.8 t .2 3.8 k .2 
Litter wigl i t  gitill (giii)" 33.5 & 2.1 39.3 k 1.8 20.8 2.6 3.9 1.5 

a Litters 16 days old rcp1:iced with 12-day-old foster litters. 
Mean and SE of mean. 
Sce results in test for significant differences among means. 
Cumulative litter weight gains were recorded between days 13 and 16 of age for all litters. 

standard was NIH-P-S6 prdactinl and 
ACTH standard was porcine ACTH from 
Mann Research Laboratories, Inc., New 
York, N. Y. We have recently described 
procedural details of (both assays (8). Litter 
weight gains and nucleic acid content of 
mammary tissue of these two groups were 
determined as above. In addition, lactic acid 
content of mammary glands was determined 
(9) as another index of mammary involution 
(4).  

Results. Mammary weights at days 16 and 
20 of lactation were greater (p<O.Ol) than at  
days 28 and 36 (Table I) but weights were 
not significantly different ( p > O . O S )  between 
day 16 and 20 nor between day 28 and 36. 
Total mammary DNA did not change signifi- 
cantly (p>O.OS) between days 16 (36.2 mg) 
and 20 (37.2 mg). However, mammary DNA 
declined linearly ( p < 0.01 ) between days 20 
and 36 (27.0 mg) of lactation. Mammary 
RNA did not change significantly (p=O.lO) 
between days 16 (206.7 mg) and 20 (226.5 
mg), but a linear decline (p<O.Ol) of 54% 
was observed between day 2 0  and day 36. 
Mammary RNA/DNA ratios were 5.7, 6.1, 
4.8, and 3.8 for groups killed on days 16, 20, 
28, and 36, respectively. Thus, changes in 
ratio paralleled very closely total RNA 
changes. Since body weight of mother rats 
increased progressively during lactation 
(p<O.Ol), correcting for body weight merely 
magnifies the difference among groups for 

1 Ovim prolactin (NIH-P-S6) was supplied by 
Natl. Inst. Health. 

nucleic acid changes. Cumulative litter weight 
gains for the 3-day period prior to sacrifice at 
16, 20, 28, and 36 days of lactation were 33.5, 
39.3, 20.8, and 3.9 gm, respectively. The 
overall correlation between total RNA and 
litter weight gain was 0.88 (p<O.Ol). 

In the second experiment mammary DNA, 
RNA, RNA/DNA, and 3-day cumulative lit- 
ter weight gains declined 17.5, 52.9, 43.0, and 
113.9%, respectively, between days 20 and 
36 of lactation. These declines were in close 
agreement with declines observed in the ini- 
tial experiment. Pituitaries of rats killed at 
days 20 and 36 of lactation contained .018 
and .015 IU of prolactin/mg of pituitary, 
respectively, and 22.5 and 7.3 milliunits of 
ACTHJmg of pituitary, respectively (Table 
11). Total lactic acid content of mammary 
glands was 5 . 9 t . 3  and 5.02.4 mg for the 20- 
and 36-day treatment groups, respectively. 
There was no significant difference (p>O.O5) 
between mammary gland weights; therefore, 
lactic acid content per gram of mammary 
tissue was not significantly different between 
the two groups (p>O.OS).  

Discussion. Frequent replacement of foster 
litters to maintain intensive nursing stimula- 
tion failed to prevent declines in mammary 
DNA, RNA, RNA/DNA, and cumulative 
litter weight gain between days 2 0  and 36 of 
lactation. The high correlation between litter 
weight gain and mammary RNA content 
confirmed previous experiments ( 1,s). Losses 
of RNA during extended lactation were much 
greater than losses in DNA, and suggested 
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TABLE 11. Prolactiii and ACTH Content of Pituitaries of Intensely“ Suckled Rats duriiig 
Extended Lactation. 

Av Prolactin (IU/mg) ACTH (niilliunits/mg) 
Days of pituitary 
lactation wt. (mg) Poteiicy SE CI 95y0 x Potency SE CI 95% X 

20 9.0 .018 .011 .004-.03i .40 22.5 9.4 5.7-84.8 .21 
36 9.2 .015 .008 .OOP.030 .36 7.3 1.0 5.0-10.8 .08 

1,itters 16 days old replaced with 19-day-old foster litters. 

that factors controlling protein synthesis lim- 
ited milk synthesis more than factors influen- 
cing cell numbers. Support for this concept 
was provided by Tucker and Reece (3) who 
replaced foster litters much less frequently 
than was done in the present study and 
showed no significant changes in DNA but 
marked declines in RNA and litter weight 
gain during extended lactation. 

Lactic acid production increases in mam- 
mary glands when milk is not removed, but no 
increases occur when milk is removed (4 ) .  
The similar lactic acid content of mammary 
glands from rats sacrificed at  20 or 36 days of 
lactation suggested that frequent litter ex- 
changes permitted adequate milk removal. 
These results further suggested that increased 
anaerobic oxidation was not a limiting factor 
to milk synthesis during extended lactation. 

Previous results indicated that pituitary 
prolactin potency increased with increases in 
suckling stimulation, but ACTH did not 
change significantly up to day 16 of lactation 
(8,lO). I n  the present experiments intense 
nursing maintained pituitary prolactin con- 
tent at least until day 36 of lactation. Howev- 
er, intense nursing failed to prevent a decline 
of 67.6c/c in pituitary ACTH between days 20 
and 36 of lactation. This decline in ACTH 
during extended lactation confirmed similar 
observations made between the first and six- 
teenth day of lactation ( 10). Furthermore, 
the declines in ACTH paralleled declines 
observed in mammary nucleic acid content 
and litter weight gain during extended lacta- 
tion. If reduced pituitary ACTH content 
reflects an actual decline in synthesis of the 
hormone, ACTH may be one of the hormonal 

factors that limits milk synthesis during ex- 
tended lactation. 

Suntmary. Intensive nursing (6 pups/6 in- 
tact abdominal-inguinal mammary glands, 
and replacing all 16-day-old litters every 4 
days with 12-day-old foster litters) failed to 
prevent significant declines in mammary 
DNA, RNA, and litter weight gains between 
days 20 and 36 of lactation. But no compara- 
ble changes in lactic acid content of mam- 
mary glands were observed. Intense nursing 
maintained pituitary prolactin during extend- 
ed lactation but ACTH decreased 67.6%. 
Thus, ACTH may be rate limiting to milk 
synthesis during extended lactation. 
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